which, is simplified by introducing H = sin2#=-^-, instead of G-. We (Preliminary Notice.)
The investigation of which this paper gives a brief summary relates to serum-albumin rather than to serum-globulin, and the experiments may be arranged in two categories: first, those relating to heat-coagulation; and secondly, those relating to the action of certain salts upon the proteids of blood-serum.
The apparatus used for the determination of the temperature of the heat-coagulation of proteids was not that which has been usually employed for the purpose, and which consists of two beakers contain ing water, one within the other, and heated gradually over a sand-bath; the substance under investigation being placed in a test-tube contained within the inner beaker.* The chief objection to that method is that the rise of temperature in the water in the beakers takes place with extreme slowness, so that changes are apt to occur in j fjhe proteid during the experiment. To meet this difficulty an | apparatus was devised by Professor Schafer, which was found to be I extremely easy to use, and of which the great advantage consists in f the readiness with which a constant temperature is maintained for a s considerable time. It may be briefly described thus : the liquid of which one wishes to determine the temperature of coagulation is placed in a test-tube in sufficient quantity to cover the bulb of a thermometer put into it; the test-tube is placed in the neck of a flask containing w ater; this water is kept at the desired temperature by the following means. It is in the first place kept constantly running, entering by one tube and leaving the flask by another tube inserted as a T-piece in the upper part of the neck. The water is warmed by passing it through a coil of tubing contained in a vessel in which water is kept constantly boiling. By regulating the rate at which the water flows through this apparatus the desired temperature is maintained. The temperature of coagulation of serum-globulin is stated to be 75° C., and that of serum-albumin as 73° C. But it was found that after heating serum to the higher of these two temperatures, and filtering off the coagulum, that the filtrate still contained a large amount of proteid, which coagulated at a temperature higher than 75° C.
A method of fractional heat-coagulation was therefore adopted. A specimen of serum was taken, and heated until a flocculent preci pitate appeared; this was filtered off, and the filtrate again heated until another deposit took place; this was repeated until the filtrate gave no evidence of the presence of proteid. In order to obtain these precipitates it was necessary to render the liquid faintly acid ; if this is not done alkali-albumin is formed, which will not coagulate. It is also necessary to render faintly acid each filtrate, as after the separa tion from it of a precipitate, a faintly acid liquid becomes neutral, or faintly alkaline. Acetic acid was the acid used for this purpose in most instances.
By this means it was found that the albumin of serum can be differentiated into three different proteids, which coagulate at the temperatures of 73° C., 77° C., and 84° C. These temperatures vary within certain limits, the presence of excess of certain salts to be afterwards noted raising or lowering the temperature somewhat; and it is found that the amount of acid present has a very marked effect in altering the temperature up to a certain limit, the greater the excess of acid present the lower being the temperature of coagulation. A series of experiments to define precisely what this relation is is at present in progress. The serum of several animals has been examined, viz., the ox, sheep, horse, dog, rabbit, pig, cat, monkey, man. The plasma of two of these animals, viz., the dog and monkey; were also examined, and gave confirmatory results.
The experiments relating to the plasma and serum of the dog will now be detailed at greater length, as an illustration of the method used.
1. A portion of plasma, prevented from coagulating by the addition of sodium sulphate, was rendered faintly acid, and at the following points coagulation occurred :-56° C. White flocculent precipitate; filtered off; filtrate faintly alkaline ; it was rendered faintly acid, and heated to-73° C., when a dense flocculent precipitate occurred. This was filtered off; the filtrate, again alkaline, was rendered acid, and heated to-75° C., when a small amount of a finely divided precipitate occurred; from the filtrate, after this always rendered faintly acid, coagula separated at-77° C. and-82° C. After filtering off this last precipitate, the filtrate was found to be free from proteid.
2. A portion of plasma was saturated with powdered magnesium sulphate; a precipitate was so obtained which Hammarsten has shown to consist of globulin. This was filtered off, and the filtrate then treated as the original plasma; at the points 73° C., 77° C., and 82° C., white flocculent precipitates were found to occur. The preci pitate caused by magnesium sulphate was washed with saturated solution of magnesium sulphate, and then dissolved by adding distilled water. An opalescent solution was so obtained, and by the process of fractional heat-coagulation precipitates were found to occur at 56° and 75°; the filtrate after the latter containing no proteid.
3. After heating another portion of plasma to 75° C., and filtering off the coagulum, magnesium sulphate produced no precipitate, showing that all the globulins went down at or below 75° C.
4. With the serum of the same animal, the dog, treated in a similar manner, the following are the points at which coagula appeared: 70°, 75°, 77°, and 82-83°.
5. With another portion of serum, to which saturated solution of sodium sulphate had been added, in the same proportions in which it had been added to the plasma to prevent coagulation, the points at which coagula fell were 73°, 75°, 77°, and 83°.
[June 19,
1884.]
The Proteids o f Serum,.
6 Another portion was saturated with magnesium sulphate, and the resulting precipitate filtered off; the filtrate gave precipitates at 73° 77°, and 83°. The precipitate produced by magnesium sulphate after being washed and dissolved was found to coagulate entirely at 75° 0.
. . Thus it is the albumin of serum and not the globulin which is thus differentiated by heat-coagulation into three several proteids with different temperatures of heat-coagulation.
Results similar to these, the points varying a degree or two in various cases, were obtained from the serum of the cat, monkey, rabbit, pig, and man. In most instances the blood of several of each of these animals was examined. In one specimen of monkey's serum no coagulum occurred after 77° ; the total amount of proteids in this specimen was, however, very small. In one or two instances a fourth coagulnm at 87-88° was found to occur, but this was quite excep tional.
In addition to examining the blood-serum of man, the various so-called serous effusions have been submitted to similar analysis. For these I am indebted to Dr. Henry Maudsley, Resident Medical Officer, University College Hospital, and to others of the resident staff there. It may be briefly stated that all gave similar results, viz., that by a process of fractional heat-coagulation the albumin of serum can be differentiated into three separate proteids. The fluids examined have been hydrocele fluid, pleuritic fluid, ascitic fluid, and parovarian fluid.
Is alkali-albumin a constant constituent of the blood-serum ? In one or two instances neutralisation produced a faint cloudiness, but as a rule it did not. After dilution, neutralisation of the serum was found invariably to produce a precipitate ; excess of acid up to a certain point increased this, then dissolved it; on collecting this precipitate and examining it, it was found to be serum-globulin.
On making some alkali-albumin artificially from egg-albumin, it was found that magnesium sulphate precipitates it completely, in the same way that that salt precipitates serum-globulin. If alkalialbumin is present in serum, it will therefore be precipitated with the globulin, when the serum is shaken with powdered magnesium sulphate. This precipitate, however, was found when redissolved to coagulate entirely at 75°, and filtering off the coagulum the filtrate showed no evidence of proteid.
The blood of the sheep, ox, and horse was found to differ from those just described, as in them the serum-albumin can only be differentiated into two proteids by the process of fractional heatcoagulation ; the points at which precipitation occurs being 77° C. and 84° C.
The albumins of serum having thus been shown to be more numer-
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ous than has hitherto been supposed, my next object was to find some distinction between these varieties of serum-albumin other than that of heat-coagulation. It must, however, be remembered that the mere difference of temperature of coagulation is an important one; in fact, one of the chief differences between fibrinogen and serumglobulin is that the former coagulates at 56° C. and the latter at 75° C., and yet the function of these two bodies is vastly different.
In the want of knowledge of the chemical constitution of the proteids, one has to be content at present with mere physical properties. My object, however, was to find certain salts which would precipi tate these varieties of serum-albumin. In the same way that Hammarsten discovered that magnesium sulphate will precipitate serumglobulin from serum, and will precipitate nothing else, so it was hoped that certain other salts would precipitate one variety, and that one only, of serum-albumin.
On this point I am at present still engaged. A large number of salts have been examined, and these experiments constitute the second category spoken of at the commencement of this paper.
The most important result obtained has been with sodium sulphate. When sodium sulphate is added to saturation and in excess to serum, and shaken for many hours, no precipitate occurs.
When magnesium sulphate is used a dense precipitate occurs; this is filtered off, and then the filtrate is saturated with sodium sulphate; another dense precipitate occurs.* If the filtrate saturated with magnesium sulphate be shaken with sodium sulphate in excess for eight or nine hours, the serum-albumin is found to be completely precipitated; and the filtrate is found to be absolutely free from proteid, and is clear and colourless.f If this precipitate be washed with water saturated with magnesium sulphate and sodium sulphate, and then dissolved by adding water, the resulting solution will be found to contain proteid, which can again be separated by heat-coagulation in the way previously stated.
This experiment has been performed with sheep's serum, and has been confirmed on rabbit's serum.
Potassium acetate was found to act similarly to sodium sulphate; adding it to saturation to serum already saturated with magnesium sulphate produced complete precipitation of all forms of serumalbumin. Potassium acetate differs from sodium sulphate in also producing a precipitate in simple serum. Here it precipitates both globulin and serum-albumin. It thus resembles in its action potas sium carbonate, which is known to precipitate all the proteids. Potassium acetate is a difficult salt to work with, as it deliquesces in * Schafer, " Journal of Physiology," vol. iii, pp. 181-187. ■f I have since ascertained that if serum is saturated with the double sulphate of sodium and magnesium, all the proteids are quickly and completely precipitated.
the air, and is so soluble that a vast amount of it is required to saturate even a small quantity of serum.
Various other salts have been examined. Many that are not very soluble produce no effect at a ll; among these may be mentioned potassium nitrate, potassium sulphate, potassium chloride, potassium chlorate, ammonium chloride.
Others, like sodium chloride and sodium nitrate, precipitate globulin completely, but slowly, in simple serum. Sodium nitrate precipitates serum-albumin completely, but slowly, after saturation with magnesium sulphate.
Sodium nitrate has a very marked effect in lowering the heatcoagulation of a proteid. Potassium nitrate acts similarly, but not nearly to so great an extent as sodium nitrate.
Puller particulars concerning these various salts will be given when the experiments relating to them are completed.
The most important results that these researches show are as. follows:-(1.) That the albumin of serum can by the process of fractional heat-coagulation be shown to consist of three separate proteids, which may be called provisionally serum-albumin numbers 1, 2, and 3 (to avoid a multiplicity of terms). In certain animals only two of these are present.( 2.) That the precipitates described by Fredericq as occurring in serum at temperatures below 70° C. have, in this series of experi ments, in which some hundreds of heat-coagulation determinationshave been made, been found never to occur.
(3.) That the albumins of serum can be completely precipitated after saturation with magnesium sulphate and removal of the serumglobulin by saturation with sodium sulphate.
(4.) That potassium acetate, added in excess to solution of a proteid, e.g., serum or solution of egg-albumin, completely precipitates the proteid therefrom without coagulating it. The thermal capacity of each of the wires already used for the * The original title of the paper has been altered to the above, as being more exact in expression.
